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METHOD AND APPARATUS FOR DRIVING SIGNALS ON A BUS 

BACKGROUND OF THE INVENTION 

5 

1. FIELD OF THE INVENTION 

This invention relates generally to driving signals on a bus, and, more particularly, to 
a repeater capable of driving a signal onto a plurality of bus segments with only a single 
1 0 clock delay. 

□ 

2. DESCRIPTION OF THE RELATED ART 

m 

(=3 



Generally, computer systems are comprised of a plurality of components, such as 
processors, memory, interfaces to various peripheral devices, and the like. These components 
111 1 5 typically communicate with one another via one or more buses. Various driver circuits have 
been employed to control the generation and detection of signals on these buses. One type of 
driver circuit that has been commonly employed in high-end computer systems, such as 
servers, is known as driver transistor logic (DTL). 



20 High-end computer systems, such as servers, tend to be physically large such that the 

components tend to be spaced significant distances from one another. Thus the buses tend to 
be physically long, causing significant delays to be experienced by signals delivered over 
these relatively long distances. Further, these types of systems typically have more 
components, and thus, more bus segments over which signals must be driven. Both of these 

25 factors tend to increase the amount of time it takes to pass a signal over the bus. DTL type 
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circuits have been very successful in these types of systems because they are particularly 
good at accommodating these significant delays. One aspect of the DTL type circuits that is 
at least partially responsible for this behavior is that each bus transaction is divided into two 
parts. That is, signals are delivered onto and retrieved off of the bus over a period of two 
5 clock cycles. One advantage that arises out of this two-clock-cycle requirement is that the 
frequency of the bus may be increased to help data throughput. 




One significant disadvantage to DTL type circuits is that they do not scale down well. 
For example, in less expensive and smaller systems, the components tend to be fewer in 
10 number and closer together, and thus, are capable of operating at a substantially faster rate. 
DTL type circuits, however, remain limited by the two-clock-cycle requirement. 



SUMMARY OF THE INVENTION 



15 In one aspect of the present invention, a method is provided for controllably 

delivering signals on a bus wherein the bus is comprised of a first and second segment. The 
method comprises: monitoring the first bus segment for the presence of a first signal being 
driven thereon; repeating the first signal on the second bus segment; and preventing the first 
signal from being repeated on the first bus. 

20 

In another aspect of the present invention, an apparatus is provided for controllably 
delivering signals on a bus wherein the bus is comprised of a first and second segment. The 
apparatus is comprised of a first bit line in the first bus segment, a first bit line in the second 
bus segment, a first and second receiver, a first and second transmitter, and a first and second 
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blocker. The first receiver is coupled to the first bit line in the first segment and is adapted 
for detecting the presence of a signal being driven on the first bit line and providing a first 
signal indicative of the presence of the driven signal. The second receiver is coupled to the 
first bit line in the second segment and is adapted for detecting the presence of a signal being 
driven on the first bit line in the second segment and providing a second signal indicative of 
the presence of the driven signal. The first transmitter is coupled to the first bit line in the 
first segment. The first transmitter is adapted to drive a signal on the first bit line of the first 
bus segment in response to receiving the second signal. The second transmitter is coupled to 
the first bit line in the second bus segment. The second transmitter is adapted to drive a 
signal on the first bit line of the second bus segment in response to receiving the first signal. 
The first blocker is adapted to prevent the first transmitter from driving the signal on the first 
bit line of the first bus segment in response to receiving the second signal, and the second 
blocker is adapted to prevent the second transmitter from driving the signal on the first bit 
line of the second bus segment in response to receiving the first signal. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be understood by reference to the following description taken in 
conjunction with the accompanying drawings, in which the leftmost significant digit(s) in the 
reference numerals denote(s) the first figure in which the respective reference numerals 
appear, and in which: 

Figure 1 illustrates a stylized representation of a computer system that may 
advantageously employ one or more of the aspects of the present invention; 

Figure 2 schematically illustrates one embodiment of a top level block diagram of the 
computer system of Figure 1 ; 

Figure 3 schematically illustrates a block diagram of a driver circuit found in a 
repeater of the computer system of Figure 2; and 

Figure 4 illustrates a schematic diagram of a portion of the driver circuit of Figures 3. 

While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, that the description herein of 
specific embodiments is not intended to limit the invention to the particular forms disclosed, 
but, on the contrary, the intention is to cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention as defined by the appended claims. 
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DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 



Illustrative embodiments of the invention are described below. In the interest of 
clarity, not all features of an actual implementation are described in this specification. It will 
of course be appreciated that in the development of any such actual embodiment, numerous 
implementation-specific decisions must be made to achieve the developers' specific goals, 
such as compliance with system-related and business-related constraints, which will vary 
from one implementation to another. Moreover, it will be appreciated that such a 
development effort might be complex and time-consuming, but would nevertheless be a 
routine undertaking for those of ordinary skill in the art having the benefit of this disclosure. 

Illustrative embodiments of a method and apparatus for providing a bus driver circuit 
according to the present invention are shown in Figures 1-4. As will be readily apparent to 
those skilled in the art upon a complete reading of the present application, the present method 
and apparatus are applicable to a variety of computer systems other than the embodiment 
illustrated herein, and moreover to electronic devices other than computer systems, including, 
but not limited to, logic devices, memory devices, and the like. 

Turning now to Figure 1, a stylized representation of a computer system 100 that may 
advantageously employ one or more of the aspects of the present invention is shown. 
Generally, the computer system 100 is comprised of exemplary components 102, such as a 
first and second central processing unit (CPU) 104, 106, a first and second cache 108, 1 10, a 
memory 112, input/output (I/O) 114, and other miscellaneous components 116, such as a 
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sound card, a video card, and the like. These components 102 are coupled together via an 
architecture 118, which allows the components 102 to efficiently communicate with one 
another and potentially with other external devices (not shown), such as other computer 
systems, printers, scanners, etc. Additionally, a device 120 may be located physically 
5 external to the computer system 100, such as outside of a housing or case that contains the 
computer system 100, but may functionally operate as part of the computer system 100 by 
virtue of a high-speed connection to the computer system. 



The architecture 118 may take on any of a variety of forms without departing from the 

□ 1 0 spirit and scope of the instant invention. To illustrate various aspects of the instant invention, 
'JjJ the implementation of the invention in an exemplary architecture is shown beginning in 

Figure 2. However, the instant invention admits to much wider application and should not be 

*y 
ill 

pi considered as being limited to the particular architecture 118 illustrated herein unless 

□ specifically set forth in the appended claims. 

i|1 

□ 15 

Q Figure 2 illustrates a top-level block diagram of one embodiment of a computer 

system 200 that may advantageously employ one or more aspects of the present invention. 
The computer system 200 may comprise a pair of central processing units (CPUs) 202, 204, 
such as UltraSPARCjM or Micro SPARCtm microprocessors commercially available from 

20 Sun Microsystems. Those skilled in the art, having benefit of the accompanying 
specification, will appreciate that the present invention has application in a variety of 
computer systems, including single and multiple CPU systems. In one exemplary 
embodiment, the instant invention may be employed in a computer system having four 
microprocessors. In the illustrated embodiment, the first and second CPUs 202, 204 each 

25 have at least one, and in some cases more than one, type of memory associated with them. 
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The memory may take the form of dynamic random access memory (DRAM) 205, a cache 
203, both, multiple levels of each, or some combination thereof. Generally, the memory is 
used by the CPUs 202, 204 during normal operation for temporary storage of data and/or 
instructions. 

5 

The CPUs 202, 204 are coupled to substantially similar input ports of a repeater 210 
over processor buses (or JBUSes) 206, 208, respectively. As its name suggests, the function 
of the repeater 210 is to receive signals over one of the buses 206, 208 and repeat or deliver 
those same signals over the other one of the buses 206, 208. In this way, the CPUs 202, 204 
□ 10 communicate with one another. In an embodiment of the computer system 200 that includes 
tt<j more CPUs, such as a four CPU system, the repeater 210 operates to repeat or deliver the 

signals from one CPU to all of the other CPUs even if the signals are not directed to all of the 

m 

m other CPUs. This "broadcasting" of signals to all of the CPUs ensures that all of the CPUs 

Q receive all of the signals initiated by each CPU. The CPUs are individually responsible for 

ill 

£) 15 determining which of the received signals are intended for or of interest to it. The repeater 
Q 210 sequentially responds to signals delivered by each of the CPUs and broadcasts those 

signals to all of the other CPUs so that each CPU can communicate with every other CPU. 

The repeater 210 includes an additional port coupled to a bus 212. The additional port 
20 is substantially similar to the ports coupled to the buses 206, 208. Generally, the additional 
port functions substantially similar to the ports coupled to the processors 202, 204, with one 
exception being that it may be disabled or otherwise prevented from repeating or delivering 
signals generated by the processors 202, 204 onto the bus 212 under select operating 
conditions. 
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A conventional bridge 214 interfaces a plurality of peripheral devices 216 with the 
CPUs 202, 204 and/or the external device through the repeater 210. Generally, the peripheral 
devices 216 are of a type designed to communicate over a bus 218 of a preselected type 
different from the buses 206, 208, 212. For example, the bus 218 may take the form of a 
5 conventional peripheral component interface (PCI) bus, an industry standard architecture 
(ISA) bus, a proprietary bus, or the like. Generally, the bridge 214 interfaces the different 
standards used by the buses 206, 208, 212 and the bus 218 so that they may allow the CPUs 
202, 204 to communicate with the peripherals 216, or vice versa. 

10 Turning now to Figure 3, one embodiment of a portion of the repeater 210 is shown in 

functional block diagram form. In the illustrated embodiment, the repeater 210 is configured 
to monitor four bus segments for the presence of a signal on one of the segments, and then 
upon detecting such a signal, repeating the detected signal onto the remaining three bus 
segments. Each line in each of the four bus segments has a substantially identical driver 

15 associated with it in the repeater 210. Accordingly, for ease of illustration, only the drivers 
associated with all four bus segments of a single bit line is illustrated in Figure 3. Those 
skilled in the art will appreciate that the circuitry shown herein may be repeated according the 
size of the bus. For example, if the bus is selected to be 170-bits wide, then the circuitry 
illustrated herein may be repeated 170 times so that all 170 bits on each bus segment may be 

20 monitored and repeated onto the other bus segments. Additionally, while the repeater 210 is 
illustrated as having four bus segments, more or fewer segments may be provided without 
departing from the scope of the instant invention. 



25 lines is associated with four segments 302A-302D, respectively. Four devices, such as 



As shown in Figure 3, four bit lines 300A-300D are shown, where each of the four bit 
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microprocessors, may be coupled to each of the bus segments. Generally, the repeater 210 
responds to a signal driven onto the bit line 300A of the bus segment 302A by repeating or 
driving the same signal onto the remaining bit lines 300B-300D of the bus segments 302B- 
302D. 

5 

More particularly, receivers 304A-304D monitor the bit lines 300A-300D to 
determine if a signal has been driven onto the bit lines 300A-300D. Upon detecting a signal 
being driven onto its respective bit line 300A-300D, the receiver 304A-304D delivers a signal 
to a detector 306A-306D of the other three drivers. For example, when the receiver 304A 
10 detects a signal being driven on the bit line 300A, the receiver 304A delivers a signal to the 

"sat? 

detectors 306B-306D. The detectors 306B-306D respond to the signal from the receiver 
304A by delivering a signal to associated transmitters 308B-308D. Thus, the transmitters 
308B-308D repeat or drive the signal detected on the bit line 300 A onto the bit lines 300B- 
300D. Similarly, when the receiver 304D detects a signal being driven on the bit line 300D, 
15 the receiver 304D delivers a signal to the detectors 306A-306C. The receivers 306A-306C 
respond to the signal from the receiver 304D by delivering a signal to associated transmitters 
308A-308C. Thus, the transmitters 308A-308C repeat or drive the signal detected on the bit 
line 300D onto the bit lines 300A-300C. Similar operations occur when signals are detected 
on the bit lines 300B and 300C. 

20 

Blockers 310A-310D are disposed to prevent the receivers 304A-304D from detecting 
the signal that they have repeated or driven onto their own bit lines 300A-300D via their 
associated transmitters 308A-308D. That is, when the receiver 304A detects a signal being 
driven on the bit line 300A, the receiver 304A will ultimately cause the transmitters 308B- 
25 308D to drive signals onto the bit lines 300B-300D. Unless interrupted by the blockers 
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310B-310D, the receivers 304B-304D will detect the signals driven by their associated 
transmitters 308B-308D and attempt to force the other transmitters to repeat or drive these 
signals onto the bit lines. The blockers 3 10A-3 10D limit this runaway repeating condition. 

In the illustrated embodiment, the blockers 310A-310D are shown disposed 
intermediate the receivers 304A-304D and the detectors 308A-308D. Those skilled in the art 
will appreciate that the blockers 310A-310D could be positioned at other locations, such as 
between the bit lines 300A-300D and the receivers 304A-304D without departing from the 
scope of the instant invention. 

Turning now to Figure 4, one embodiment of a portion of the repeater 210 of Figure 3 
is shown in schematic form. The illustrated circuitry is comprised of four circuits 400 A- 
400D. The receivers 304A-304D are respectively comprised of a comparator 401A-401D 
coupled to a D-type flip flop 402A-402D. Normally, the bit lines 300A-300D are maintained 
at a logically high level, which is passed by the comparator 401A-401D to the D-type flip 
flops 402A-402D as a logically low signal due to an inverted input on the comparator 40 1A- 
401 D. When one of the bit lines 300A-300D is driven to a logically low level, such as by a 
microprocessor coupled to the corresponding bus segment 302A-302D, the comparator 
401A-401D produces a logically high signal, which is passed to the D-type flip flops 402 A- 
402D. Timing of the D-type flip flops 402A-402D is controlled by a conventional clock 
signal applied to a clock terminal (not shown) of each of the D-type flip flops 402A-402D. 
Thus, when a logically high signal is present on the bit lines 300A-300D, the D-type flip 
flops 402A-402D have a logically low signal stored therein. Alternatively, when a device 
attached to the bit lines 300A-300D drives a logically low signal onto the bit lines 300A- 
300D, a logically high signal is stored in the D-type flip flops 402A-402D. 
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Those skilled in the art will appreciate that the computer system 200 may include bus 
arbitration logic (not shown) that operates to grant control of the bus to the devices coupled 
thereto based upon some type of rotating scheme. That is, the bus arbitration logic, under 
normal operating conditions, permits only one of the devices coupled to one of the bus 
5 segments to drive signals onto the bus at a time. Thus, normally, the only one of the bit lines 
300A-300D will be driven by its associated external device during any given clock cycle. 

The signal stored in the D-type flip flops 402A-402D is delivered over a line 404A- 
404D to the three other circuits 400A-400D. For example, the signal stored in the D-type flip 

□ 10 flop 402A in the circuit 400A is delivered to the detectors 306B-306D in the circuits 400B- 

€! 

400D. A logically high signal is received at the detectors 306B-306D when a logically low 
£i signal is driven on the bit line 300A. The detectors 306A-306D are comprised of an OR gate 

m 

O 406A-406D. Thus, the OR gates 406B-406D deliver a signal to their corresponding 

Q transmitters 408B-408D, which causes the transmitters 408B-408D to repeat the low signal 



S 15 present on the bit line 300A on the bit lines 300B-300D. Similarly, a low signal driven onto 
J^f the bit line 300C is detected by the comparator 40 1C arid stored in the D-type flip flop 402C 

as a logically high signal. The logically high signal stored in the D-type flip flop is delivered 
to the OR gates 406A, 406B, and 406D, which causes the transmitters 408A, 408B, and 408D 
to repeat the low signal present on the bit line 300C on the bit lines 300A, 300B, and 300D. 
20 Similar operations occur when a logically low signal is driven onto the bit lines 300B and 



The blockers 310A-310D included in the circuits 400A-400D include a D-type flip 
flop 410A-410D and an AND gate 412A-412D. The output port of the OR gate 406A-406D 
25 is coupled through an inverter 414A-414D to the D-type flip flop 410A-410D. The D-type 



300D. 
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flip flop 410A-410D includes a clock input terminal coupled to the same clock signal as the 
D-type flip flop 402A-402D, and thus, is synchronized therewith. The AND gate 412A-412D 
has two input terminals coupled to output terminals of the D-type flip flops 402A-402D and 
410A-410D. Thus, the D-type flip flop 410A-410D operates to enable the AND gate 412A- 
5 41 2D to pass the signal stored in the flip flop 402A-402D to the OR gates 406A-406D. 

The overall operation of the circuits 400A-400D may be appreciated by a description 
of an exemplary bus transaction. For example, assume that a logically low signal is driven 
onto the bit line 300B by an external device, and that none of the other bus segments 302A, 
Q 10 302C, and 302D are currently being driven by an external device. The low signal on the bit 

W line 300B causes a logically high signal to be stored in the D-type flip flop 402B at the time 

.f~ 

\il that a transition occurs in the clock signal. The logically high signal is passed through the 

fin 

|i AND gate 412B to the OR gates 406A, 406C, and 406D, causing the transmitters 408 A, 

□ 408C, and 408D to repeat or drive a logically low signal onto the bit lines 3 00 A, 300C, and 

ill 

□ 15 300D, insuring that the signal initiated by the external device coupled to the bus segment 
'3 302B is communicated to external devices coupled to the bus segments 302A, 302C, and 

302D. Additionally, a logically low signal is stored in the D-type flip flops 41 OA, 4 10C, and 
410D, which disables the AND gates 412A, 412C, and 41 2D. Thus, even though a logically 
low signal is being driven onto the bit lines 300A, 300C, and 300D, they are being blocked 
20 from being repeated on the remaining bus segments, as they were not initiated by the external 
device coupled to that bus segment, but rather, are being repeated. That is, the blockers 
310A-310D prevent the repeated signals from being repeated again. 

Those skilled in the art will appreciate that the time lag between an external device 
25 driving a signal onto its bus segment and the signal being repeated on the remaining bus 
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segments corresponds to only one clock cycle. Further, standard input/output or interconnect 
testing of electronic devices is often accomplished using various conventional methodologies. 
For example, a Joint Test Access Group (JTAG) boundary scan (which is set forth in IEEE 
1149.1) is commonly used. The implementation of the instant invention does not preclude 
the use of these standardized testing methodologies. 

Those skilled in the art will appreciate that the logic levels discussed herein are 
matters of design discretion and could be readily reversed without departing from the spirit 
and scope of the instant invention. For example, the bit lines 300A-300D could be readily 
configured to normally be in a logically low state, and the circuits 400A-400D could be 
configured to respond to the bit lines 300A-300D being driven to a logically. high level. 

In the illustrated embodiment, the computer system 200 includes both hardware and 
software. At least a portion of the hardware described herein may be replaced by a 
processing unit programmed to execute software to implement some or all of the functions 
described herein. In particular, the functions of the repeater 210 described herein may be 
performed by one or more processing units that may or may not be geographically dispersed. 

The particular embodiments disclosed above are illustrative only, as the invention 
may be modified and practiced in different but equivalent manners apparent to those skilled 
in the art having the benefit of the teachings herein. Furthermore, no limitations are intended 
to the details of construction or design herein shown, other than as described in the claims 
below. It is therefore evident that the particular embodiments disclosed above may be altered 
or modified and all such variations are considered within the scope of the invention. 
Accordingly, the protection sought herein is as set forth in the claims below. 
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